A full-scale study at Pihlajaniemi BNR plant in Savonlinna Finland investigated in detail the conditions in which phosphorus release in the secondary clarifier can occur. For this purpose nutrient and ORP profiles were taken in different process conditions from the sludge blanket in the secondary clarifiers. The results show that in anaerobic conditions secondary phosphorus release can take place in the secondary clarifiers without any addition of exogenous COD. Long sludge retention time in the secondary clarifier was a prerequisite of anaerobic conditions in the sludge blanket, but retention time required varied with seasons and process conditions. Some indications of simultaneous phosphorus release and denitrification without COD input was also found. The re-absorption of the released phosphorus was observed in those parts of the sludge blanket, where nitrates were present. Even with very long sludge retention times the released phosphorus stayed inside the sludge blanket and it did not impair the effluent quality.
zone would prevent development of the anaerobic conditions necessary for the activity of the PAOs (Barnard & Abraham 2006) . On the other hand, it has been indicated, that PAOs are capable of denitrification, when exogenous carbon source is available. Kuba et al. (1994) demonstrated with denitrifying phosphorus removing bacteria culture that approximately 80% of the volatile fatty acid acetate was used for phosphorus release and 20% for denitrification.
Thus, simultaneous phosphorus release and denitrification is possible. Batista et al. (2005) observed secondary phosphorus release in the secondary clarifiers. The incidents were connected to strong denitrification in the clarifiers. The nitrogen bubble produced lifted the polyP-containing sludge solids into the effluent. Hughes et al. (2004) experienced secondary phosphorus release in the secondary clarifiers of a BNR plant, even though the nitrate concentrations in the return activated sludge stream returning to the anaerobic zone were between 2 to 4 mg/l. Wouters-Wasiak et al. (1996) reported secondary release of phosphorus with sludge from BNR plants in the absence of exogenous COD. The release occurred after 1 to 3 hours after the start of decanting the sludge. The researchers measured PO 4 -P concentrations in the supernatant between 8 -11 mg/l. Before the release nitrate concentration dropped from 2 mg/l to approximately 0.5 mg/l. An addition of COD after the initial release resulted in higher release rate of phosphorus. The released phosphorus was totally reabsorbed in the aerobic conditions. Schö nberger (1990) also reported secondary release in the final clarifiers. The main cause of release in this case was assumed to be the design of the clarifier, where sludge was withdrawn with suction pipes favouring the transfer of phosphate to the supernatant, but the lack of nitrification also contributed. This paper presents the findings of a study at Pihlajaniemi WWTP in Savonlinna Finland in which the conditions inside the sludge blanket and their influence on the secondary release of phosphorus were monitored in fullscale. Earlier studies have focused on nutrient concentrations in the supernatant in the secondary clarifier and in the return sludge, failing sometimes to explain the phosphorus release observed. The BNR process was studied with two completely different process settings. Nutrient and oxidation reduction potential (OPR) profiles at different depths from the sludge blanket were measured in order to understand the conditions in which phosphorus was released.
METHODS
The two first large process modifications at Pihlajaniemi plant in the city of Savonlinna took place in 1991-1993, when the conventional process was upgraded by nitrogen removal and in 1994 -1995, when also biological phosphorus removal was added. Prior to these process modifications, considerable research work was carried out in order to create a tailor-made process train at the plant (Kiuru & Rautiainen 1998) . Another research project was carried out at the plant in 2001-2004 in order to optimize the primary treatment (Mikola et al. 2007) . During both of these projects the potential secondary release of phosphorus in the secondary clarifiers was identified and some analytical work was dedicated to that.
In order to study the secondary release of phosphorus, of secondary settling. More detailed information about the plant can be found in Kiuru & Rautiainen (1998) .
RESULTS
In the first research project NO 3 -N, PO 4 -P and MLSS concentrations at different depths in the sludge blanket of the secondary clarifier were analysed. Figure 1 shows the results of two measurements: the first during wintertime and the second during summertime. In wintertime, the operation strategy of the plant aims at keeping a higher amount of sludge in the process in order to achieve biological nutrient removal also during cold waters. It can be seen, that the sludge blanket and also sludge concentration were higher than in summertime. Due to the large amount of sludge in the secondary clarifier, the sludge retention time was quite long, more than 4.5 hours. The MLSS concentration at the end of the basin was nearly 20 kg MLSS/m 3 , but in the beginning of the basin it varied between 8 and 13 kg MLSS/m 3 . Nitrate concentration decreased in the sludge blanket towards the end of the basin. In the beginning nitrate concentration was 8 mg/l, but in the middle and in the end all nitrate had been denitrified.
It should be noticed, that in return sludge nitrate concentration was still 0.7 mg/l. Phosphorus concentration on the other hand increased towards the end of the basin, increasing from 1 mg/l to 11.5 mg/l. The concentrations in the liquid phase near the surface showed, that nitrate was still present. Nitrate concentration was 5.5 mg/l in the beginning and 2.9 mg/l at the end. Phosphorus concentrations were between 1.5 and 1.8 mg/l. These measurements show, that the nitrate concentration did not always predict the phosphorus release. The ORP and the phosphorus release on the other hand correlated 
DISCUSSION
The first set of data suggests, that phosphorus release in the secondary clarifiers can occur, when denitrification is nearly complete (NO 3 -N concentration about 1 -2 mg/l) and conditions in the sludge blanket become anaerobic. 
CONCLUSIONS
The secondary release of phosphorus in the secondary clarifiers was studied in full-scale with nutrient profiles at different depths in the sludge blanket. It was shown, that in certain conditions secondary phosphorus release can take place in the secondary clarifiers. Secondary release was observed without any addition of exogenous COD, when conditions became anaerobic in the sludge blanket.
Evidence was found that phosphorus release occurred also when small amounts of nitrate were still present.
Long sludge retention time in the secondary clarifier is needed in order to create conditions in favor of phosphorus release, but also the process temperature, sludge settling properties and the level of nitrification should be taken into account. The phosphorus was reabsorbed in parts of the sludge blanket, where aerobic or anoxic conditions prevailed. It was observed that most of the time the released phosphorus stayed inside the sludge blanket and it did not impair the effluent quality. It is suggested, that secondary release of phosphorus in the secondary clarifiers can threaten the effluent quality only if a protecting layer of nitrate containing sludge is missing from the upper part of the sludge blanket.
